Psyche [Vol. 90 METHODS AND STUDY SITES During 1980 -1982 (Hope College) and observed the relationships between bracken fern and its associated arthropod community in Michigan. Our original intent was to determine to what extent seasonal patterns of insect species diversity are a reflection of quantitative or qualitative changes in the chemical composition of their host plant. We uncovered an arthropod community associated with bracken that is much more complex than expected. These arthropods were identified to species whenever possible, and their behavior was recorded by 16mm and 35mm cameras.
The bracken-arthropod study was 
RESULTS
Although predaceous ants and spiders are abundant during the spring, the diversity of herbivorous species is low, supporting Lawton's (1976) observation that, "The evidence strongly suggests that bracken in May and June may not be an easy resource for herbivores to exploit." However, protein levels are highest in the spring (about 25 percent of the dry weight) and 40 percent lower by August-September (about 10 percent of the dry weight). Furthermore, concentrations of lignins, tannins, and silicate are lowest in the early spring and tend to increase throughout most of the season, all of which might be expected to make the plants tougher and therefore less palatable. As Lawton (1976) Bracken's palatability early in the spring may also be affected by the production of thiaminase and the cyanogenic glucoside, prunasin (Jones and Firn, 1978 (Dadd, 1973) . However, bracken does contain thiamine (Berti and Bottari, 1968) , and thiaminase activity in English bracken drops from a high of nearly 30 ug to 7 ug thiamine destroyed per min/g dry weight between the last week cf April and the second week of May (Evans, 1976) . Even so, populations of adapted bracken herbivores increase only after the second week of June in Michigan, perhaps weeks after cyanogenic glucosides (if functional) and thiaminase activity have fallen to low levels. By contrast, most other diapausing and temperature sensitive insects such as butterflies have eclosed from the pupae by early May in Michigan, and their larvae can be found by the second and third weeks of May.
Our study in Michigan suggests that bracken has evolved another line of defense that complements its biochemical defense system, and protects it from serious herbivorous damage during the rapidlydeveloping crozier stage. This second line of defense consists of predaceous arthropods, particularly ants and spiders attracted to a sweet, viscous fluid secreted by a number of axillary nectaries. The nectaries are dark oval enlargements that appear in the axils where the pinnae and major pinnules branch off from the rachis. Large numbers of "nonassociated" arthropods which utilize bracken for purposes other than food are also attracted to the developing bracken canopy and their oozing nectaries early in the spring. In Psyche [Vol. 90 turn, these nonassociated arthropods are preyed upon by the predaceous ants and spiders. Biochemical By mid-May, when the primary nectaries at the axils of the pinnae are secreting microliters of "nectar" daily, the thiaminase activity is declining rapidly and the cyanogenic glucoside may or may not be offering protection. In addition, the levels of tannins and silicate are still at low levels, while proteins are at optimal level (Lawton, 1976 (Nylander) and Lasius alienus (Foerster) engorge at the nectaries as well, but often in non-aggressive interspecific groups. However, none of these species appears to defend the bracken croziers from other arthropods, and thus they may be "parasitic" in the broad sense of the concept since the ants obviously benefit by gathering nectar, but the bracken potentially suffers because it loses its attraction to more aggressively-defensive ants. Although we have not documented any defensive role by these small ants in Michigan, it is possible that they remove the eggs of herbivores (Susan Koptur, pers. comm.).
The immatures of at least 10 species of spiders also imbibe at or are attracted to the axillary nectaries, while several others are intimately associated with the unfurling pinnae. For example, when the immatures of Enoplognatha ovata (Clerck) bind the 3 pinnae together, the nectaries become effective "baits" within the pyramidal web, ensnaring many smaller nonassociated dipterans and parasitic ants. Other spiders such as the thomisid Tibellus sp. extend their body against the rachis, cepthalothorax pointing towards the nectary, and ambush other arthropods as they arrive to extract nectar. Finally, several species of salticid spiders (e.g. Metaphiddipus protervus Walckenaer), prowl the developing bracken canopy, leaping from pinna to pinna in search of prey. Encounters between spiders and patrolling ants are not uncommon, but it is not certain which factors predispose one or the other to dominate a given frond. However, the small parasitic ants are common prey items of the patrolling spiders in Michigan.
By the second week of June, the pinnae have completely opened, and the nectaries darken and desiccate. Even so, patrolling ants continue to defend the mature plants for a few more days, perhaps attracted to the lingering odor of the nectaries. But the ant patrols are erratic and the ants stay on the plants for far shorter periods, Psyche [Vol. 9o usually less than 30 seconds. At the end of June, defending ants and spiders cease patrolling the fronds entirely, although mature Metaphiddipus protervus spiders and Formica subsericea ants can occasionally be found on new croziers which emerge periodically throughout the growing season. As with spring croziers, these summer fiddleheads are also patrolled systematically by ants, even though their nectaries appear to dry quickly under the hot sun.
Concurrently with the declines in the ant patrols and the spider populations associated with bracken, there is a significant increase in herbivore damage, largely from adapted insects. Damage increases as adapted insect populations peak in mid to late summer, despite the "toughening" of the bracken with increasing concentrations of tannins and silicate, and despite the fact that available protein has declined by over 40 percent (Lawton, 1976) . Any herbivore damage done at maturity, however, will affect proportionately less of the plant biomass than if the plant had incurred the damage during the crozier stage. Even minor chewing or sucking damage on the newly-emergent croziers can destroy part or all of the apical bud, or cause lodging of the plant at maturity if the rachis is weakened. Lodging or individual pinna or the entire frond is especially common in bracken plants attacked by minute gall-forming/mining microlepidopterans, as yet unidentified. These mining insects can stunt 50 to 90 percent of the potential growth of a given pinna, possibly because they feed on internal vascular tissues and cannot be reached by patrolling ants or predaceous spiders. SUMMARY Darwin (1877) was among the first to point out that the secretion of the bracken nectaries is very attractive to ants and that the ants may thus serve in some capacity to defend the ferns (Lawton, 1976) . The arthropod defense system found in Michigan may help to explain why herbivorous damage from both adapted and nonadapted insects is minimal in the crozier stage. Bracken fern has a well-developed "arsenal" of potentially toxic secondary plant compounds that may also serve to deter or inhibit insects from attack.
Yet, despite a relatively herbivorous-free period during its early growth stage, a diverse community of adapted herbivorous insects inflicts moderate to heavy damage later in the summer months.
Bracken may (in part) be protected by compounds such as thiaminase and cyanogenic glucosides, but our research of the past three years shows that bracken at the very least supplements its passive chemical defenses with a mobile, predaceous arthropod defense community. This community includes at least 5 species of ants and 10 species of spiders that are initially attracted to "axillary nectaries" (AN) secreting a nutrient-rich sap of sugars and amino acids. Our research shows that bracken "turns on" these nectaries during the rapidly-growing crozier stage, and turns them "off" after the pinnae are fully expanded. During the secretory stage, ants patrol and defend the pinnae from all intruders, including potential herbivores, other species of ants, and other predaceous arthropods such as spiders. However, the immature spiders also utilize the AN secretions, stalk arthropods within the developing canopy, or construct webs over the opening pinnae, turning them into effective traps with the AN enclosed as "baits."
Bracken's apparent immunity to insect attack during the crozier stage may be due not so much to the toxicity of its secondary compounds, but to the continuing coevolution of the AN and their attendant, predaceous arthropods that patrol the pinnae or otherwise rid them of herbivores during bracken's crozier stage. The bracken-arthropod system may be one of the most unique and complex hierarchies of symbiotic relationships to be found in a primitive plant-arthropod system.
